Previous researches have proved the positive effect of creative human capital and its development on the development of economy. Yet, the technical efficiency of creative human capital and its effects are still under research. The authors are trying to estimate the technical efficiency value in Chinese context, which is adjusted by the environmental variables and statistical noises, by establishing a three-stage data envelopment analysis model, using data from 2003 to 2010. The research results indicate that, in this period, the entirety of creative human capital in China and the technical efficiency value in different regions and different provinces is still in the low level and could be promoted. Otherwise, technical non-efficiency is mostly derived from the scale nonefficiency and rarely affected by pure technical efficiency. The research also examines environmental variables' marked effects on the technical efficiency, and it shows that different environmental variables differ in the aspect of their own effects. The expansion of the scale of education, development of healthy environment, growth of GDP, development of skill training, and population migration could reduce the input of creative human capital and promote the technical efficiency, while development of trade and institutional change, on the contrary, would block the input of creative human capital and the promotion the technical efficiency.
Introduction
Since American economist Schultz put forward Human Capital Theory in 1960s, the Human Capital Theory and its impact on social and economic development are one of the hot research issues for specialists and scholars at home and aboard. It is generally accepted that human capital is a reflection of the quality of labor capital, and human capital consists of economic value of knowledge, technology, ability, and healthy quality which condenses on laborers [1, 2] . Human capital usually has greater appreciation of space than material capital and other production factors, especially in the postindustry era and in the stage of rapid economic knowledge development. As a "live" capital form, human capital, with its creativity and innovation, has greater value and development potential in the aspects of optimizing allocation of resources or speeding up the economic development and promoting the social progress. Human capital, as one of those main production factors which can facilitate the economic growth, has an immediate boost to economic growth and would generate technology spillover effect by material capital and foreign direct investment (FDI) [3] , spiritual morality [4] , and other factors; thus it indirectly promotes economic growth. A lot of researches show that human capital is playing a more and more significant role in the development of national culture or society or economy or employment or income and so on [5] [6] [7] [8] .
Schultz claimed that the contribution to economic growth from the improvement of human capital such as human's knowledge or ability and health is more important than the increase of material force and the number of labor [9] . Generally, the formation of human capital mainly depends on the input of education, health and income, and so forth [10, 11] . The differences among education investment, health investment, and family economic income invariably tend to raise up the differences of human capital stock directly [12, 13] , while the differences of human capital will lead to the differences of their effects. Studies have shown that the effects of human capital that received higher education, on individual performance, total productivity, technological progress, economic growth, and international trade, are 2 Discrete Dynamics in Nature and Society significantly greater than the human capital which received secondary education and basic education [14] [15] [16] [17] [18] . According to the differences of human capital stock, human capital can be divided into general human capital, professional human capital, and creative human capital. The general human capital contains social average knowledge stock and the ability of analysis, computing ability, learning ability, and adaptability, and the corresponding social role is the division of ordinary workers. Professional human capital has a special professional knowledge and professional ability, which generally accepts special professional knowledge through formal education or on-the-job training. Creative human capital is a kind of innovative knowledge and a scarcity of innovative ability, which can realize increasing return of heterogeneity of human capital [19] , and it is usually characterized by receiving higher education and is scarce in society, which means high reserve, specialization, and innovation [20] . Creative human capital would develop the ability to discover and resolve the market disequilibrium [9, 21] and then bring about more creation in strategy, institution, method, science, and technology more easily. These innovative activities tend to break through the bottlenecks in the system of technology or production constraints, make the enterprise production possibilities frontier outward or the moving-up of production function, and bring the output multiplier effect. On the one hand, creative human capital can produce its own progressive increase of marginal revenue through specialization of knowledge factors. On the other hand, through the overflow effect of knowledge, it can promote the production efficiency of the production factors like capital and labor and produce progressive increase of marginal revenue of these factors and eventually progressive increase of production scale revenue [22] . Therefore, the influence of creative human capital on the economic growth is greater than other types of human capital [23, 24] .
For most developing countries, including China, the development of knowledge economy and the increase of human capital could effectively promote the economic growth rapidly [5] . In recent years, the economy in China has made rapid development, but the contribution of economic growth still mainly relies on capital investment [25] . Therefore, in order to ensure the long-term stable development of Chinese economy, it is important to increase the investment of human capital, especially the creative human capital, and to improve the efficiency of the quality of the creative human capital and technology. Continuously strengthening the role of creative human capital on economic growth is particularly important.
According to the studies of human capital, if only it limits to the single factor index of human capital investment and ignores many other factors, which tends to ignore the heterogeneity of human capital under different investment structure, so that human capital stock index is short of enough accuracy on the basis of building [26] . Therefore, the study of human capital should not only consider the number, but also need to pay attention to structure. The number and structure of the human capital investment directly restrict the amounts and the formation of human capital and thus affect the economic operation performance [27] . The investment and accumulation of human capital do not only depend on the micro main body of education or health or migration, but also depend on whether the macroeconomic system is conductive to development of the micro main body by using the potential of its investment and making it the reality of human capital or not [28] . The technical efficiency of human capital and its effect on economic growth would differ for each investment structure of human capital and each environment. Therefore, the creative human capital stock and the technical efficiency of the investment structure should both be considered when analyzing the influence of creative human capital.
Currently, some scholars studied the efficiency of human capital, such as Ferrari and Laureti who have carried an empirical research, using DEA method, on output efficiency of human capital in Italian university, based on data from the students of Florence University in 2005 [29] ; Chang et al. have made an empirical analysis on the efficiency of intellectual capital and its effect on the performance in the digital industry in Taiwan by using the DEA method [30] . Ahmed and Krishnasamy have analyzed the efficiency of human capital investment and its effect on the increase of total factor productivity (TFP) in ASEAN countries [31] . Maudos et al. in 2006 [32] and Zhu et al. in 2010 [33] used SFA method to analyze the effect of human capital and its components on technical change, technical efficiency, and productivity; Ran and Zhai used DEA method to make an empirical analysis of the construction industry contribution rate of human capital in China [34] . However, few researches on the efficiency of creative human capital have been done at present.
Compared to traditional view of frontier efficiency analysis methods, such as DEA method, Fried et al. put forward the three-stage DEA method to effectively strip the influence of environment factors and the random errors on the efficiency value, overcoming the traditional shortcomings in frontier efficiency analysis model in measuring error handling [35] . This paper attempts to construct the forefront of creative human capital efficiency analysis model by using three-stage DEA method as the theoretical model, based on panel data of 31 provinces in China from 2003 to 2010. Then a quantitative research on the efficiency of creative human capital in China and the influence of its environmental factors and random errors would be made in order to support effective decisionmaking in promoting the development of creative human capital and improving the technology efficiency of creative human capital in China.
Establishing the Theoretical Model
Based on the Data Envelopment Analysis (DEA) model founded by Charnes et al. in 1978 and two-phase DEA model by Coelli in 1998, three-stage DEA model proposed by Fried et al. has been proved to be a better method to assess the efficiency of Decision-Making Units (DMU) [35] . Its contracture and application include three stages. [36] . According to the multiple sets of input and output data of the technical efficiency of DMU, the CCR model assumption with fixed size is not consistent with the practical situation of many industries by using the theory of mathematical programming. In 1984, Banker et al. changed the assumption of Constant Return Scale into Variable Return Scale (VRS) and built a more rigorous variable scale reward model to decompose the technical efficiency (TE) into pure technical efficiency (PTE) and scale efficiency (SE), TE = PTE × SE [37] .
The First
Generally speaking, the technical efficiency of DMU can be estimated by two ways. One is based on input technical efficiency, namely, the proportion of the minimum investment in the investment under a certain output. Another is based on the production technical efficiency, namely, the proportion of the maximum output in the practical output under the certain investment combination. The BBC model of variable returns to scale adopts the efficiency estimation when input is at the minimum level under the condition of constant output. In this paper, technical efficiency is defined as the proportion between minimum possible input and practical investment in the same deal, 0 ≤ TE ≤ 1. The bigger the value of TE is, the higher the efficiency level of DMU's production is. If TE = 1, the DMU has reached the minimum input under the certain constant output and realized the optimal allocation of resources. If TE < 1, it means that the DMU has not yet achieved the optimal allocation of productive resources while production technology is inefficient.
BCC model argues that the reasons of technical inefficiency are two: low efficiency of production technology and nonefficiency which is not at the optimal size. Pure technical efficiency of DMU refers to the production efficiency that is affected by management and technology factors, and it can reflect the production efficiency of input factors when production scale has reached the optimal level, namely, 0 ≤ PTE ≤ 1. If the PTE = 1, it means that under the current technical level, the utilization of DMU input resources is efficient, or there is lack of efficiency. Scale efficiency of DMU refers to the production efficiency that is affected by scale factor, which reflects the difference between the practical production scale and the optimal production scale. If SE = 1, DMU is in the state of optimal production scale, or it has not yet reached the optimal production scale.
The analysis result of BBC model can measure the utilization efficiency of production factors when the output is constant of each DMU. The decomposition results of the production inefficiency can accurately reflect the reason of inefficiency of production input of the DMU and thereby could support the improvement of the utilization efficiency in the production process and provide the solution and method to achieve the optimal distribution of input factors.
This article adopts the BCC model of the Variable Return Scale (VRS) and regards creative human capital investment as an independent production process, in order to measure the minimum level of investment of creative human capital to achieve a certain level. The technical efficiency (TE) of the scale-reward of creative human capital can be divided into pure technical efficiency (PTE) and scale efficiency (SE), leading to the separation of the two different causes that are the inefficiency of production technology and the inefficiency of the investment size which is less than optimal of the inefficiency of creative human capital.
Then, review the management efficiency of creative human capital in city (PTE ) in China; each province has inputs and output, and the investment-oriented BCC model is as follows:
Min PTE Subject to:
where stands for the input of creative human capital at in province and stands for the output at in province, is the weight in province, + stands for the input of creative human capital, and − stands for the slack variable of output of creative human capital, 0 ≤ PTE ≤ 1; the bigger the number, the purer the technical efficiency of creative human capital.
We can use CCR model to get technical efficiency (TE) of creative human capital, and according to relation from TE = PTE × SE, we can get scale efficiency (SE):
Min TE Subject to:
2.2. The Second Stage: Establishing the SFA Model. When the output does not change, if the management levels of creative human capital in all provinces are at the same level, the input of creative human capital in good condition is less than the one in bad condition, which is affected by other provincial environment. Therefore, it cannot reflect the real level of management input of creative human capital. In order to get the real management efficiency of creative human capital in all provinces, it needs to strip the impact of environment variable and random errors and the internal management. According to the model which was put forward by Battese and Coelli in 1995, it can find regression model Stochastic Frontier Analysis (SFA) between + and as follows:
where , stand for the environment variable and index at in province, if < 0, so the environment variable is 4 Discrete Dynamics in Nature and Society benefit for the decrease of slack variable and improves the technical efficiency, and vice versa. V + is composite error term, V is random variable, and it stands for the error which cannot take into consideration, V is single and
stands for management inefficiency factor, is normal distribution, that is, stands for ∼ ( , 2 ), and V and are independent of each other. Considering
, 0 ≤ ≤ 1, tend to be 1, so that the impact of management variable is dominant; tend to be 0, so that the impact of random error is dominant.
We can get efficiency value which reflects the management level when considering the environment factor and random error using SFA model, adjust the input term of creative human capital, increase the input of provinces in good condition, and make the environment factor and random error in the same level; then we can get the input of the creative human capital which, after adjusting, is
where and are creative human capital which are before and after adjusting,̂is the estimate of environment factor, V is the estimate of random error, the first bracket stands for adjusting the creative human capital in all provinces to the same environment, and the second bracket stands for adjusting the random errors of creative human capital to be the same.
The Third Stage:
The DEA Model after Adjusting. Replace the original value into the adjusted value, and use the BCC model to analyze the efficiency, so that we can get the efficiency value of creative human capital without the impact of environment factor and random errors.
Variable Selection and Data Acquisition

Output Variable.
It is essential to select the reasonable input and output indicators for the final measurability of efficiency DMU when using DEA method to analyze the efficiency. A lot of researches have showed that education is the key part of human capital accumulation, and the state of education can measure the stock of human capital [10, 38] . Therefore, considering the characteristics of creative human capital, this research selected college students who receive college education or above as the research object and used the university graduates ( 1 ) and the university students ( 2 ) as output indicators.
Input Variable. Selection of input variables is reasonable
to determine whether the analysis method is effective or not. In the selection of creative human capital input, the first difficulty is how to determine the origins of the input and the measurability of these variables [29] . Similar to the general process of input and output, the main factors which affect the creative human capital are the resources and factors in the production course, such as labor and capital. Combined with the measurability, the text selects college teachers ( 1 ), college education spending ( 2 ), college research spending ( 3 ), and fixed assets ( 4 ) as the input variables of creative human capital. The number of teaching staff in colleges or the education capital and fixed assets in institutions can directly affect the output level and the production scale of the creative human capital. And scientific research funds influence the output quality and efficiency of creative human capital.
Environment Variable
Scale Environment Variable.
The enlargement of the education scale could directly increase the number of inputs of college education, improve the efficiency of education resources for the economic features of education scale, make full use of education resources, and ultimately improve the output of education. This paper selects the ordinary university number as the measure variable of scale environment.
Healthy Environment Variable.
The good condition of health can not only improve the learning efficiency and the rate of return on education, but also affect the investment behavior on education. The better the health is, the longer the life is and the greater the benefit will be from the education [1] . And high human capital investment can resist the threat of disease or drug and optimize the quality of fertility [39] . As for the larger returns of creative human capital with high expected rate, good condition of health will get greater return from the higher education investment. Therefore, the development of healthy environment is bound to affect the investment behavior of people for higher education and to change the input and output of the creative human capital. The main measure variables of health indications are anthropometric variables, life expectancy or survival rate, mortality rate, and so forth [40] . This paper selects the population mortality ( 2 ) as indicator of health environment variable.
Economic Environment Variable.
On one hand, economic growth and the improvement of people's income will continue to encourage people to pursue higher quality of life, so as to increase the investment of education. On the other hand, with the constant improvement of the level of economic development, quality requirements of the talent will be much higher, and the talent competition will be much fiercer. In order to improve the competitive ability, more human capital investment is needed and creative human capital investment is on focus. So the economy will continue to promote the input and output growth of creative human capital. This paper selects GDP ( 3 ) as measure variable of economic environment variable.
Skills Environment Variable.
Training can be viewed as an extension of the education by making workers learn special skills during working, and it plays an important role in improving the level of workers' skills and working efficiency. Skill training is supposed to enhance the technical innovative ability and labor productivity of the trainees, improve their working and researching efficiency, and increase the input efficiency of human capital [41, 42] . This paper selects the Discrete Dynamics in Nature and Society 5 number of the students ( 4 ) who graduate from technical college as measure indicator of skills environment variable.
Migration Environment Variable.
Although population migration does not bring the increase of human capital stock, it can achieve the efficient allocation of human resources, so that the subjects of human capital can respond to the economic environment or system structure change effectively, find potential profit opportunities, and improve the decisionmaking ability to maximize the interests of using resources [27] . Migration can also increase the chances of migration employment and improve the utilization efficiency of social labor and employment [43] . This paper selects net migration rate as the migration environment variable.
Foreign Trade Environment Variable.
Foreign trade not only can increase the total world trade, but also can accelerate the worldwide spread of advanced science, technology, and knowledge and make the participant countries benefit from the communication and trade [44] . Under different trade system, the effect of human capital on economic growth is not the same, and the effect is greater in open trade system than in the closed system [45] . This paper selects the total output ( 6 ) as measure indicator of foreign trade environment variable.
Institution Environment Variable.
Changes of institutions will not add the amount of human capital, but it may fully arouse the enthusiasm of human capital investor and human capital owner by establishing good institutional environment which includes the market-oriented economic system and human capital property right arrangements [46] . Therefore, the improvement of the institutional environment is conducive to optimizing the investment environment of creative human capital and improving the utilization efficiency of elements. This paper selects the proportion of the investment of non-state-owned economy fixed assets in the investment of the fixed assets of the whole society as the measuring indicator of institution environment variable. According to the request of research, there must be a significant correlation between various variables; inputs and outputs should comply with the "synthetic" hypothesis that production should increase with the increase of inventory. Variable with correlation test results such as Table 1 is obtained using Pearson's correlation test. Table 1 shows that there is a significant correlation between output variable and input variable, and they are positively related, illustrating that the selection of variables and data is in accord with the requirement of model analysis and it is rational.
The Empirical Analysis Results
Then, through Deap2.1 and Front4.1 analyzing software, we made an empirical analysis of creative human capital technical efficiency of 31 provincial districts in China from 2003 to 2010 by using three-stage DEA method and made a horizontal comparison on the efficiency of various provincial districts; the specific analysis results are as follows.
Firstly, the overall efficiency of creative human capital is higher. Table 2 shows the overall level of efficiency of creative human capital and its changes before and after considering the exogenous environment variables and random factors in China in sample period. In the process of the analysis of phase 1, the comprehensive technical efficiency average of creative human capital is 0.823, average value of pure technical efficiency is 1, the scale efficiency value is 0.823, and the comprehensive technical efficiency value and scale efficiency value are on the decline, which indicates that the comprehensive technical efficiency of creative human capital has room for improvement and the scale efficiency is the main reason for technical inefficiency. In the analysis of phase 3, the influence of the environment variable and random errors on creative human capital is eliminated. Results show that the efficiency of three values is 1, indicating that the technical efficiency in frontier has no room for improvement. Compared with the results of the first stage, the third stage of technical efficiency values rises to some extent, stating that the lower technical efficiency is mainly due to adverse circumstances or bad luck, rather than the technical management level.
Secondly, efficiency levels among eastern, western, and central regions roughly have the same change trend, but certain differences among these three regions still exist.
Through the analysis of the efficiency level among eastern, western, and central regions during phase 1 and phase 2, the results in Table 3 show that, from 2003 to 2010, the average value of comprehensive technical efficiency and average of pure technical efficiency are both the highest in the eastern region, the next is in central region, and the lowest is in western region, while the highest scale efficiency value is in central region and next is in western region. And from 2003 to 2010, the average values of three regions all tend to decrease, which indicates that there is some room for improvement, and the efficiency value of pure technical efficiency is higher than the average value of scale efficiency; technical inefficiency is mainly due to scale inefficiency. Compared with the first stage, in the third phase, general average technical efficiency in these three areas and scale efficiency have obviously risen, and the pure efficiency values in eastern and western areas are slightly down, indicating that the technical efficiency value in three regions is closely related to their environment or bad luck, leading to some differences between the nominal technical management level and the actual technical management level. We can find that the level of efficiency in central region is slightly higher than in the eastern and western regions 6 Discrete Dynamics in Nature and Society through the comprehensive comparative analysis, partly because of the fact that the education investment proportion, which means the proportion between the nongovernmental education investment and governmental education investment, in the eastern and western education in recent years is relatively low. The improvement of education input from nongovernment will have a positive impact on accumulative level of human capital, so that the level of human capital in the region with higher education investment proportion will be relatively high [47] . Thirdly, nationwide and regional efficiency values of creative human capital keep declining.
From 2003 to 2010, the change of the creative human capital in the eastern, central, and western regions in China is shown in Figure 1 . As we can see, level of the comprehensive technical efficiency in three regions from 2003 to 2007 continued to decline and started to rise in 2008, but there is an obvious overall decline from 2003 to 2010. In recent years the education input in China is increasing, but the education funds investment is relatively insufficient, the use efficiency of fund and the work efficiency of administrative personnel are low, and the differences of the regional development level among these regions are still evident. The higher education spending in China accounts merely for 1.25% in GDP from 2003 to 2010 and the college education investment is insufficient, which lead to the misallocation of higher education resource, low utilization efficiency of resources, and ultimate decline of the efficiency level of creative human capital. Therefore, increasing the investment of higher education funds, expanding the scale of college education, improving the efficiency level of education resources, and realizing the balanced development of regional education in colleges and universities are important measures and approaches to improve the technical efficiency level of creative human capital.
Fourthly, there is an obvious difference of creative human capital among various provinces and cities, significantly influenced by environment variables and random errors.
The average efficiency values of creative human capital in 31 provinces in China are shown in Table 4 , by using panel data during 2003-2010. In the first phase analysis, in addition to Hebei, Shanxi, Henan, Guangxi, and Guizhou provinces that are in the frontier of technical efficiency level, the rest of provinces have a certain degree of technical inefficiency, indicating the room for improvement. The pure efficiency value in most provinces and cities is lower than the scale efficiency value, illustrating that technical nonefficiency is Discrete Dynamics in Nature and Society 7 Table 4 shows that, in the stage 1, the efficiency level among those provinces and cities in the technical efficiency frontier declined in different extent, and the comprehensive technical efficiency values of all the 31 provinces and cities still have some room for improvement. Except Beijing, Liaoning, Jiangsu, Shandong, Hubei, and Guangzhou provinces, the comprehensive technical efficiency values of the rest of provinces and cities are declining, which illustrates that these provinces and cities are affected by the favorable environment or good luck and so that the comprehensive technical values are overvalued and these values in Qinghai, Guizhou, and Tibet provinces decreased obviously by 20%. Otherwise, the scale efficiency is obviously declining compared with pure technical efficiency, indicating that the creative human capital is affected by the local environmental factors or luck, and the practical scale efficiency is lower, asking for enlarging the investment scale of creative human capital on the basis of existing condition. Besides, the pure technical efficiency values of most of the provinces and cities in third stage are increasing, indicating that the technical efficiency values are undervalued because of the environment variable or random errors, but the scale efficiency among these districts is always overvalued and the extent of overestimate is greater than the extent of underestimate, which may lead to the overestimate of comprehensive technical efficiency. After eliminating the influence of environment variable and random errors, three kinds of technical efficiency of creative human capital are all improved in some provinces like Beijing, Liaoning, Jiangsu, Shandong, Hubei, and Guangdong provinces, illustrating that the lower efficiency in these provinces and cities is due to the poor environment or bad luck, rather than their technical management level. Therefore, for these areas, it is particularly important to improve the investment environment of creative human capital.
Fifthly, environment variable can significantly affect input variables, but the direction is different.
Through the comparison of the efficiency values DEA in the first stage and the third stage, we can get that there is a significant impact of environment variable and random errors on creative human capital efficiency. The SFA model to analyze these results is shown in Table 5 .
From the results of Table 5 , the analysis results of SFA model are more reliable and the error is mainly due to the management inefficiency. There are seven environment variables affecting significantly the input slack variable, which means that the chosen environment variables are reasonable. We can get the result from the influence of environment variable on technical efficiency.
(1) The number of common colleges and universities obviously influences the reduction of the education expenditure, research expenditure, and fixed assets investment and the improvement of technical efficiency, which means that the expansion of education scale is conductive to forming scale economy of college education, optimizing the rational allocation of resources and improving the utilization efficiency of resources. However, its impact on the number 8 Discrete Dynamics in Nature and Society of faculty is not significant, probably because the increase of college teachers depends on the education level of teachers and the number of students. The competition among higher education universities is getting more and more intense, so each university and each region tend to adopt different policies and institutions to attract outstanding teachers, which may enhance the imbalance of resources allocation among different regions and universities and affect the efficiency of resource allocation. (2) The regression coefficient of the effect of population mortality on the input of scientific research in colleges and universities is positive and it passed the significance test that shows that good and healthy environment (i.e., low mortality) is benefit for decrease of research input and improvement of technical efficiency, but its influence on the number of faculty, education funds, and fixed assets is not obvious. The main reason may be that good health condition can improve people's cognitive ability and maintain much longer mental working; then it would improve the efficiency of study and research and guarantee the quality of higher education returns and education input. Therefore, the influence of healthy environment is mainly to optimize the quality of colleges and the impact on the education scale factor is relatively small. (3) The regression coefficients of the effect of GDP on input variables were negative and passed the test of significance, claiming that the increase of GDP is beneficial to the decrease of input for creative human capital and to improve the technical efficiency. The increase of GDP will lead to the improvement of the income of people and help to promote the residents' consumption quality and consumption level. Besides, it could raise the investment demand on the creative human capital, which is advantageous to realize the scale economy effect of local creative human capital and to improve the utilization efficiency and outputs efficiency of inputs. (4) The regression coefficients of the effect of the number of the students who graduate from technical college on four input variables were negative and passed the test of significance, showing that the development of skills training is beneficial to the decrease of the creative human capital investment. The development of skills training can help the trainers get higher knowledge and skills and improve their innovation ability and the efficiency of work, research, and development, which not only can create better investment environment for creative human capital, but also can optimize the resource allocation efficiency and speed up the growth of input and output efficiency. (5) Four kinds of inputs have passed the test of significance, indicating that the population migration will affect the inputs of creative human capital. And the regression coefficient of the effect of net migration rate on expenses of education in colleges and universities, scientific research spending and fixed assets, is negative, indicating that the increase of the rate of net migration is conducive to the reduction of the three elements of the input. Besides, the regression coefficient of the effect of net migration rate on the number of teaching staff members is positive, which means the number of teaching staff members will rise with the addition of the net migration rate. From the view of Dierx in 1988 [48] , the main reason for attracting domestic population migration is the income growth, and when getting higher income through migration, people would increase the investment of human capital in order to ensure their living conditions. Therefore, the increase of population migration will expand the scale of creative human capital investment, be beneficial to form scale effect, and improve investment efficiency of elements. However, on the other hand, the effect of population migration also will be affected by the rationality of the cost of migration and migration among regions.
Excessive or passive population migration is likely to cause the loss of the talent and the flight of human capital and reduce the labor productivity [43] . The current migration is happening mainly from rural villages to cities and from western regions to eastern regions. This unidirectional migration is mainly due to the imbalance of regional economic development.
The imbalance of population migration is bound to lead to imbalance of resource allocation, which will waste the labor resources and decrease the utilization efficiency of labor resources. The irrationality of population migration will affect the input and allocation of faculty resources, and cause some problems, like the overstaffing of teachers, the antinomy between the utilitarian concept and moral concept, and the brain drain phenomenon. And then it would reduce the labor production efficiency. (6) The influence of total import and export on the number of staff did not pass the test of significance, but the influence of education expenses in colleges and universities, scientific research spending and fixed assets, has passed the test of significance and the regression coefficient is positive, indicating that the development of foreign trade is not conductive to the decrease of three inputs. The possible reason would be that trade liberalization is beneficial to the introduction of technology, which will increase the human capital in countries with rich technology resources and decrease the human capital in countries with poor technology resources, by increasing the reward of technical elements and decreasing the reward of labor elements in countries with rich technology resources and increasing the reward of labor elements and decreasing the reward of technical elements in countries with poor technology resources [49] . China is a typical developing country, and excessive development of foreign trade in China will lead to more reliance on foreign technology, which is not conducive to the formation of scale effect of the creative human capital and the improvement of technical efficiency. (7) The influence of the proportion of the investment of non-state economy fixed assets in the investment of the fixed assets of the whole society on the number of faculty did not pass the test of significance, but the influence on expenses of education in colleges and universities, the scientific research spending and fixed assets, has passed the test and the regression coefficient is positive, which means that the institutional change is bad for the improvement of technical efficiency and asks for more creative human capital investment. This is partly because the non-stateowned enterprises in China at present have not yet formed the scale economy, their technological content is low, and their consciousness of the innovative is not strong. Consequently, the economic system and education system have failed to be effectively combined, and the enthusiasm of creative human capital investors and owners is not fully aroused, wasting the human capital. So it is not conducive to the formation of scale economy creative human capital and the improvement of technical efficiency.
Conclusion
Based on the cognition of the continuous development of creative human capital and its increasing effect on economic growth, for the first time, this paper measures the technical efficiency value of the creative human capital in various cities from the perspective of technical efficiency and analyzes the main causes of inefficiency of human capital through the decomposition. By building the three-stage DEA model, this paper overcomes the defect of the traditional DEA and SFA method and makes the measurement of technical efficiency of creative human capital more accurate, by eliminating the influences of the exogenous environment variables and random errors and analyzing the reasons for the technical efficiency change from both the production technology level and the production scale. Through the empirical research, we can get three conclusions. First, through the measurement and comparison of the technical efficiency level of creative human capital among different districts, the current level of comprehensive technical efficiency among different districts in China is relatively high but has not reached the optimal level and still has room to improve. According to the decomposition results of comprehensive technical efficiency, the main cause of inefficiency of creative human capital among different districts is that the production scale has not achieved the optimal production scale. In addition, through the comparison of technical efficiency between stage one and stage three, the environment factor and random error can also lead to technology inefficiency of creative human capital. From the point of time span, while the comprehensive technical efficiency level among different districts in China rose slightly after 2008, the technical efficiency level of creative human capital among different districts in China keeps declining in the long term.
Secondly, according to the measurement and comparison of the technical efficiency level of creative human capital among different provinces and cities, the comprehensive technical efficiency level of all provinces and cities has not reached the optimal level and needs to be improved. The reason of technical inefficiency of creative human capital among different provinces and cities still mainly lies in the inefficiency of the production scale and environment variables and random errors, while inefficiency of production technology has the slightest effect. The comparison results of the first stage and the third stage show that the theoretical technical efficiency level is overvalued compared with the practical technical efficiency level among most provinces and cities, except Beijing, Liaoning, Jiangsu, Shandong, Hubei, and Guangdong provinces. This is partly because the pure technical efficiency is usually underestimated and the scale efficiency is usually overvalued to some higher extent, which eventually leads to overvaluation of the comprehensive technical efficiency of creative human capital among these provinces and cities.
Thirdly, the analysis of environment variables shows that promotion of the technical efficiency of creative human capital is mostly significantly affected by the economic growth, the development of skill training, and the enlargement of the scale of universities, while the optimization of health environment and the acceleration of population migration also make a partial contribution to the improvement of the technical efficiency. However, the growth of international trade and the institutional change is not conducive to the development of the technical efficiency of creative human capital.
The research results indicate that China needs to constantly promote economic growth and increase education investment in higher education. At the same time, China needs to increase the creative human capital stock and try to achieve the optimal production scale of creative human capital. The economic growth can enable people to increase their investment in health and education especially higher education with more income and push the government to increase investment in higher education and realize the scale economy of higher education.
In recent years, although the higher education spending is increasing in China, there is still a certain gap compared with higher income countries. At present, the national higher education spending in China accounts for only 1.4% of total GDP, far below the 3% level in high-income countries. In 2008, research and development expenditure as of GDP in China is 1.07% while the average level in the world is 2.14% and 2.14% in high-income countries. Despite the increasing scale of higher education since 1999 and its positive influence on the realization of the optimal scale of creative human capital, a series of problems such as inadequate education funds, the decrease of the higher education quality, and low efficiency of school management still exist and cause the low efficiency of the production scale and management of creative human capital. Therefore, it is important for China in the future to continuously increase higher education investment, optimize the education scale and education quality, and promote the utilization efficiency of education resources, in order to achieve the optimal level of technical efficiency of creative human capital and eventually develop the role of creative human capital in economic growth.
Otherwise, as the results show, the development of skill training and moderate population migration can also improve the technology efficiency of creative human capital. Effective skill training can be the supplement of higher education. Learning more professional skills inside or outside of their profession can improve students' technical level and work efficiency in the future. In addition, a moderate amount of vocational education during their practice and work can enable their innovation ability and promote their creative human capital stock. Besides, the labor resources will be rationally allocated and the utilization efficiency of production factors will be improved, because of the rational movement of creative human capital driven by population immigration. Therefore, in the future, developing vocational education should be emphasized as with expanding the higher education scale, to improve students' skill level. Meanwhile, the adjustment of industrial structure and the optimization of college profession allocation can help to realize the rational utilization of creative human capital.
In addition, adjusting the structure of foreign trade and preferring the economic property are also conducive to promote the technical efficiency of creative human capital. Currently in China, economic development relies too much on foreign trade and high foreign trade dependence will cause excessive dependence on foreign technology and innovation, which has negative effect on the formation of the scale effect of creative human capital. Consequently, adjusting the structure of foreign trade, expanding domestic demand, and increasing the proportion of domestic trade will help to promote economic growth, adjust the industrial structure, strengthen the domestic industry's capacity for independent innovation, and promote the utilization efficiency of creative human capital. And creating a good institutional environment with economic property rights system will also help, which would inspire the investors and owners of creative human capital to improve their technical efficiency.
In short, the development of China in the future needs to constantly adjust both economic and trade structure, and institutions, in order to improve the technology efficiency of creative human capital, make full use of creative human capital, and finally promote the economic growth.
